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Contraction and relaxation of cultured mesangial cells on a silicone
rubber surface. Glomerular mesangial cells (MC) in culture are believed
to contract or relax in response to agents such as angiotensin II and
cyclic AMP. However, cells grown on glass or plastic surfaces are
limited in their response to vasoactive agents because of the rigid
surfaces to which they adhere; thus, interpretation of a change in shape
as contraction, relaxation, or detachment is difficult. We have grown
MC on a flexible silicone rubber (dimethylpolysiloxane) substrate
(DMPS), and studied with sequential photographs several models of cell
contraction, relaxation, and detachment. When the cells contracted, the
DMPS became wrinkled; when the cells relaxed, the DMPS lost
wrinkles. In contrast, if the cells detached, the sheet lost wrinkles as the
cells became smaller and rounder. Angiotensin 11 (5 x l0 M), and
calcium ionophore A23 187 (2 x l0 6M) increased wrinkles in more than
30% of cells at 22°C and more than 40% of the cells at 36°C. The earliest
effect was visible within five to 10 minutes at 22°C and within one
minute at 36°C and increased until 40 minutes; thereafter, the cells
relaxed and wrinkles were reduced. 10—' M Na azide prevented the
increase in wrinkles produced by angiotensin II. Seventy—two percent
of the angiotensin Il-treated cells whose margins could be seen in their
entirety, and 78% of the calcium ionophore—treated cells showed a
reduction in surface area at a time when new wrinkles were appearing
or wrinkles were increasing in size. Dibutyryl cyclic AMP, a known
smooth muscle relaxant, produced a decrease or loss of wrinkles in 90%
of the cells, and an accompanying increase in surface area. Untreated
control cells, observed in conjunction with the above series, showed
little change in wrinkles. Ten percent DMSO, an actin—translocating
agent, produced a reversible disappearance of wrinkles. These models
of contraction and relaxation could be distinguished from cell detach-
ment; EDTA, for example, in the presence of zero calcium, diminished
both cell size and wrinkles, with an accompanying lifting of cells from
the surface. Similar results were obtained with cytochalasin B and
chlorpromazine. Thus, the silicone rubber system accurately reflects
the contraction, relaxation and detachment of cultured mesangial cells
in response to a variety of agents.
Glomerular mesangial cells (MC) in culture are considered to
be modified smooth muscle cells, as they have been shown to
have contractile properties when treated with vasoactive agents
[1—4]. They are also believed to relax in response to cyclic AMP
[5, 61. However, the demonstration of contractility or relaxation
by cells attached to glass or plastic surfaces is limited by their
attachment to these rigid surfaces. In addition, detachment of
cells from the surface, for whatever cause, can produce round-
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ing of the cell and be interpreted as contraction. We have grown
MC on a silicone rubber surface, a system in which the cells
attach tightly to the outermost polymerized thin skin. The skin
can move and wrinkle on the viscous fluid which remains
beneath. This method has been used by Harris, Wild and
Stopak [7] to demonstrate traction forces exerted by cultured
fibroblasts. We have utilized this system to demonstrate hor-
monal and cytotoxic effects of various agents on the MC, and
were able to follow the time sequences of the processes of
contraction, relaxation, and detachment.
Methods
Culture of glornerular mesangial cells
The culture of rat glomerular mesangial cells was carried out
as previously described [8]. With this technique, the epithelial
cells grow rapidly with a peak on day six, but after two weeks,
mesangial cells appeared and overgrew the epithelial cells after
three weeks. After three weeks, cells from the primary culture
were detached from the flask by adding a 0.25% trypsin—EDTA
solution (GIBCO Laboratories; Grand Island, New York,
USA), and transferred to a plastic flask containing 5 ml of
growth medium containing RPMI 1640 (GIBCO Lab), 10% fetal
bovine serum (GIBCO Lab), penicillin (50 UIml) and strepto-
mycin sulfate (50 gIml) (GIBCO Lab). Within seven to 10 days
the mesangial cells grew to confluence. Cells from only the first
or second subculture were utilized for these experiments. The
identity of the MC was confirmed by the presence of typical
microfilaments seen by transmission electron microscopy Ill.
Growth on DMPS
DMPS of viscosity 30,000 centistokes (Dow Corning Corp.,
Midland, Michigan, USA) was spread in a thin layer on one
surface of a glass coverslip. The DMPS was then warmed for 1
to 2 seconds in the top of a Bunsen burner flame to form the I
to 2 /.M thick skin [71. Even in the absence of cells, some small
wrinkles appeared at the periphery of the coverslip. The
coverslips were placed in an 8-well tissue culture dish (Miles
Laboratory, Inc., Naperville, Illinois, USA). MC which had
grown to confluence by seven to 10 days in the first or second
subculture were trypsinized and transferred to the DPMS-
coated coverslips, and left to incubate for five to ten days in 5
ml of growth medium. The incubation medium was changed
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every two days. Culture dishes were kept in a 95% air, 5% CO2 A
environment at 37°C.
Changes in cell morphology on DMPS
In preparation for microscopic observation, the original cul-
ture medium was replaced by rinsing five times with RPMI 1640
orTris buffer containing 20 m Tris HCI pH 7.4, 5 mM glucose,
135 mvt NaC1, 10 mM KCI, 10 mi Na acetate, 2 m CaCl2 and
2mg/mi of fatty—acid--free bovine serum albumin. Direct obser-
vation of mesangial cells was carried out at room temperature
(22°C) or 36 1°C, under phase contrast with a camera—
equipped inverted Nikon microscope (Nikon, Tokyo, Japan).
For maintenance of required bath temperature, a special cham-
ber was designed which could hold the tissue culture dish
wrapped with a heater wire. The temperature of the bath was
maintained by a Minitrol PL-312 heater regulator (Glass-Col
Apparatus Co., Terre Haute, Indiana, USA). The temperature
of the bath was recorded at the beginning of the experiment and
every 10 minutes subsequently. An identical focal plane was
maintained throughout sequential photographs. Baseline photo-
graphs were taken after a 20 minute period of equilibration in
the new incubation medium. Sequential photographs were
taken at five, 10, 15, 20, 30 and 40 minutes after the addition of
a given experimental agent. Two types of control series were
carried out: 1) independent (nonsequential) controls with a
similar time sequence, with vehicle alone; and 2) sequential
controls, with observations at five, 10, 15 and 20 minutes prior
to addition of an experimental agent. For determinations of cell
surface area, the outlines of the cells were traced from the
photograph with an electronic graph calculator (Numonics
Corporation, Lansdale, Pennsylvania, USA). Only those cells
whose entire outline was visible were used for estimates of
surface. Both the evaluation of wrinkles and the measurements
of surface area were carried out by observers who were
unaware of the conditions of the experiments. The significance
of changes in wrinkles or cell size between sequential control
and treatment peiods was determined by paired t-tests [9].
Determination of plating efficiency on the silicone rubber
substrate was carrld out by plating a known number of cells
(1.3 x 1O) on DMPS for 24 hours. The supernate was then
discarded and the DMPS coated cover slip washed three times
in RPMI 1640. MC adherent to the DMPS were detached by
adding 0.25% trypsin-EDTA solution for five minutes, and
recounted in a Coulter counter (Coulter Electronics, Inc.,
Hiaieah, Florida, USA). The latter count indicated the number
of cells which were able to attach to the DMPS: this proved to
be 2 x l0— cells, or 15% of the original cells.
The following experimental agents were used: angiotensin II
(Sigma Chemical Company, St. Louis, Missouri, USA) was
stocked at iO M in 0.01 M acetic acid and used at 5 x i0 M
concentration; calcium ionophore A23 187 (Sigma) was used at 2
x 10-6 M. Sodium azide (Sigma) and DBcAMP (Sigma) were
used in concentrations of 10_I M and 5 x 10 M, respectively.
Cytochalasin B and chlorpromazine (Sigma) were used in
concentrations of l0 M (0.5% DMSO) and lO M, respec-
tively, DMSO (Sigma) was used at 10% concentration and
EDTA (Sigma) was used at a concentration of i0 M.
Fig. 1. Development of wrinkles on outer sheet of silicone rubber. A.
Preformed wrinkles formed at the periphery of coverslip after flaming
the outer sheet of silicone rubber over Bunsen burner. B. Change in
direction and magnitude of preformed wrinkles following the attach-
ment of MC. C. Wrinkles formed underneath the cell after 72 hrs. D.
Large converging wrinkles.
Criteria for morphologic changes
Contraction. A response was considered contractile when
there was an increase in the number of wrinkles. In many cases
the decrease in cell size was great enough to be measured as
well. Detachment was identified as a decrease or disappearance
of wrinkles along with a decrease in cell size, or with part of the
cell becoming folded on itself. The movement of the cell from
its original site was also recorded as detachment. The beginning
of detachment was marked by a change of focus for part or all
of the cell. To focus again, the objective lens had to be moved
up. There were some instances (such as Ca4 ionophore
studies) in which the initial contraction with an increase in
wrinkles was extensive enough to ultimately detach the cell,
with a loss in wrinkles. Relaxation was characterized by a
disappearance or reduction of wrinkles and often an increase in
cell size, with no change in the focal plane of the cell.
Results
Within 24 hours of transfer, the MC attached to preformed
wrinkles at the periphery of the coverslip. Once the cells
attached to preformed wrinkles they changed the direction and
magnitude of the wrinkles, shown diagramatically in Figures 1A
and B. During the next 48 to 72 hours, cells which were
attached towards the center of the slide started developing
wrinkles. These wrinkles were beneath the cells, relatively
straight, and did not go far beyond the cell (Fig. 1C). Some of
the cells in the resting state developed wrinkles coverging on
attachment points. These cells were relatively small and
showed a tendency to round up (Fig. 1D and 2A). The MC could
be maintained on DMPS for many weeks; our observation
extended for six weeks. Change of the culture medium at 37°C
to the experimental buffer at room temperature caused a
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Fig. 2. Change in wrinkles and cell size a! 22°C during sequential control period and All (5 X lO M) treated period. A. Cell with converging
wrinkles showing basal tonic state. B. At five minutes of control period. C. At 15 minutes of control period. D. At 40 mm of control period. Note
progressive decrease in wrinkles and increase in cell size (13%). E. Increase in wrinkles at five minutes after addition of All. F. At 15 minutes.
G. At 20 minutes, H. At 40 minutes, note increase in wrinkles and decrease in cell size (40% at 40 mm). (X 640)
Table 1. Percent of cells that responded with an increase, decrease
and/or new wrinkles in DMPS during timed control vs. All-treated
cells at 22oCa
5 mm 15 mm 30 mm
Cells NWRb IWRC DWRd NWR IWR DWR NWR IWR DWR
All 54
Controle 54
7
0
18
0
4
13
7
0
33
3
4
24
7
0
37
0
4
48
a These experiments were carried out with DMPS of 60,000
centistokes.
NWR, % of cells developing new wrinkles that had no wrinkles at
time 0.
IWR, % of cells developing an increase in wrinkles that had some
wrinkles at time 0.d DWR, % of cells developing a decrease in wrinkles that had some
wrinkles at time 0.
° Sequential control treated with experimental buffer containing
vehicle alone and then treated with All.
diminution of wrinkles. The decrease in wrinkles was much less
during control periods in experiments carried out at 36°C,
suggesting that the diminution in wrinkles was related to the
effect of temperature on cells as well as on the viscosity of the
rubber.
Contraction
Angiotensin II; 22°C, Tris buffer. The results of the angioten-
sin II experiments are summarized in Table 1. All produced new
Table 2. Mean cell size SE (sm2) and change in cell size after
addition of All; at 22°C
Agent 0 mm 15 mm P value
All 5119 698 4169 604 — 950 149 <0.01
Non-sequential
control 6975 1860 7350 1881 + 375 119 <0.02
or increased wrinkles in more than 30% of the cells by 15 and 30
minutes. The mean increase of three wrinkles per cell was
significantly (P < 0.01) different from the control, which
showed an overall loss of wrinkles, Illustrative photographs of
a cell which had converging wrinkles and a rounded shape as a
basal tonic state are shown in Figure 2. This cell showed a
diminution in wrinkles and expansion of cell size during the 40
minute control period, and an increase in wrinkles along with a
diminution in cell size after the addition of All. Three observers
measured the cell surface area of those cells whose margins
could be seen in their entirety. Seventy—two percent of the cells
(20 out of 28) which developed new wrinkles or an increase in
wrinkles following All showed reduction in cell surface area.
The reduction in surface area during All-treated period (—950
149 m2), when compared to the control period, was statis-
tically significant (P < 0.01; Table 2).
Angiotensin II; 36°C, RPMI 1640. At 36°C, the effect of All
was more rapid and extensive than at 22°C. All produced new
or increased wrinkles in more than 40% of the cells by 10
t. 
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Fig. 3. Effect of All (5 x iO M)at36 1°C following seven days of subculture. A. Wrinkles showing basal tonic state. B. increase in wrinkles
at 10 minutes after addition of All. Cell indicated by an arrow shows 12% reduction in cell surface area. (x 320).
Fig. 4. Effect of All on cells pretreated with Na azide (10' M) following seven days of subculture. A. Wrinkles showing basal tonic state. B. At
20 minutes of control period. C. Decrease in wrinkles at 10 minutes after addition of Na azide. D. At 20 minutes after addition of All (5 X 10
M), no change in wrinkles and cell size. (x 320)
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Fig. 5. Effect of calcium ionophore following 7 days of subculture. A. Wrinkles showing basal tonic state. B. Increase in wrinkles 10 minutes after
addition of Ca ionophore A23 187 (2 x l0 M). C. At 25 minutes. D. at 40 minutes. Note progressive diminution in cells size. Cell indicated by
arrow shows an 80% reduction in surface area associated with an increase in wrinkles. (X 160)
Table 3. Percent of cells that responded with an increase, decrease
and/or new wrinkles in DMPS during timed control vs. All treated
cells at 36°C
5 mm 10 mm 20mm
Period N cells NWR IWR DWR NWR IWR DWR NWR IWR DWR
All 8 71 27 34 3 47 37 3 33 38 13
Sequential
control 8 71 0 0 2 0 2 4 0 2 12
N, number of experiments
minutes. The earliest effect of All was seen at one minute.
Illustrative photographs are shown in Figure 3. The details of
the increase in wrinkles at five, 10 and 20 minutes in All-treated
cells and sequential controls are shown in Table 3, Only 12% of
the cells showed a diminution in wrinkles during the control
period at 36°C. This rate of decrease in wrinkles was only
one—fourth that of the control period at 22°C (Table 1), thus
suggesting that the increase in DMPS viscosity following trans-
fer of the dishes from the incubator to room temperature had
the effect of reducing surface wrinkles.
To confirm that the wrinkling of the silicone surface following
All reflected an active contractile process, the effect of All on
mesangial cells pretreated with the metabolic inhibitor sodium
azide was studied. In four experiments, after a 20 minute
control period, the cells were treated with 10_I M Na azide for
10 minutes. All the cells showed a diminution of wrinkles during
the azide—treated period; in addition, there was a small increase
in surface area (+383 222 m2) in 15 of the cells whose
margins could be completely seen. While the increase in area
was not statistically significant, the area measurement, along
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Wrinkles Cells Percentage
D/LWRb (20 mm control period) 41 9
D/LWR (10 mm sodium azide period) 41 100
DILWR (20 mm All period) 41 12
I/NWR° (20 mm All period) 41 0
Table 5. Percent of cells that responded with an increase, decrease,
and/or new wrinkles in DMPS during timed control vs
DBcAMP-treated cells at 36°C
5mm 10mm 20mm
Period )V° cells NWR IWR DWR NWR IWR DWR NWR IWR DWR
DBcAMP 14 104 0 0 27 0 0 57 0 0 90
Sequential
control 14 104 0 0 2 0 0 6 0 0 6
a Number of experiments
with the continued presence of wrinkles, indicated that the cells
were not detaching and contracting. Subsequent addition of All
did not induce any new increased wrinkles. Illustrative photo-
graphs are shown in Figure 4. The details of the azide and All
periods are shown in Table 4.
Ca lonophore A23187; 22°C, Tris buffer. In the presence of2 m Ca , the addition of Ca + ionophore resulted in the
development of wrinkles; forty percent of cells showed either
development of new wrinkles or an increase in wrinkles follow-
ing treatment with the ionophore. The effect was visible within
10 minutes and continued to increase until 40 minutes (Fig. 5).
Rearrangement of wrinkles was also noted. The increase in
wrinkles was associated with a mean reduction in cell surface
area (—1111 162 pm2) at 15 minutes in 21 out of 27 cells whose
margin could be seen in their entirety. To evaluate the role of
intracellular Ca in initiating the contractile event in response
to Ca ionophore, the cells were washed with Ca free
experimental buffer and then treated with Ca + ionophore.
Four out of 20(20%) cells showed an increase in wrinkles at two
to five minutes. However, eleven out of 20 (55%), of the cells
showed a diminution in wrinkles by 20 minutes. It appears that
for the initiation of the contractile event, release of intracellular
Ca + by ionophore is enough. However, simply washing with
zero calcium bath decreases, but does not entirely remove
extracellular Ca. Thus, it is possible that some of the
extracellular Ca might have entered the cell with Ca
ionophore treatment.
Relaxation
DBcAMP; 36°C, Tris buffer. Cells with many wrinkles were
chosen to demonstrate the effect of DBcAMP, which was added
following a 20-minute control period. The results are summa-
rized in Table 5. The cells showed an abrupt decrease in
wrinkles alter the addition of DBcAMP, and at 36°C the pace of
that change persisted throughout the 20 minute observation
period (Fig. 6). There was a decrease or loss of wrinkles in 90%
of the cells during this time. The mean decrease of four wrinkles
per cell during DBcAMP treated period was significantly (P <
0.01) different from the control period which showed a decrease
of one wrinkle per cell. Illustrative photographs are shown in
Figure 7.
The change in surface area following DBcAMP was deter-
mined in 25 cells whose margin could be seen in their entirety.
For the group as a whole, there was a significant increase (P <
0.01) in surface area following DBcAMP at 10 minutes. Sixty
percent of the cells showed an increase in surface area, while
the remaining 32% showed no change and 8% showed a small
decrease. By 20 minutes, mean cell size increased by + 1739
1216 tm2, as a result of continued expansion in 44% of the cells,
12% of the cells did not show any change in cell size and 44% of
the cells decreased in size, indicating that they had already
reached the early phase of detachment. The latter phenomenon
is appropriate as cyclic AMP has been shown to dissolve stress
fibers in mesangial cells [5J. The dissolution of stress fibers is
associated with loss of attachment as shown in cytochalasin B
experiments in the present study. The same cells showed little
change (mean increase in size by 40 138 m2) during the
entire 20 minute control period.
Detachment
ED TA/zero calcium; 22°C, Tris buffer. The addition of 1 mM
EDTA to the zero calcium bath was used to determine the role
of Ca + in the maintenance of the basal tonic state of the cell as
well as the attachment points to the supporting layer. There was
a diminution in wrinkles by 20 minutes when calcium was
omitted from the bathing medium. Addition of 1 mt EDTA led
to the further diminution or disappearance of wrinkles in the
majority of cells within 30 minutes (Fig. 8). Cells which lost
Table 4. Percent of cells that responded with an increase, decrease,
loss and/or new wrinkles in DMPS during sequential periods of
control, sodium azide, and All treatments (N = 4) at 36°C
a Numberof experimentsb D/LWR, % of cells developing a decrease or loss of wrinkles that
had some wrinkles at time 0
I/NWR, % of cells developing an increase or new wrinkles
0
20
0
40
a)
60
0
80
Fig. 6. Percent of cells with decrease or loss of wrinkles with time
during the control period of 20 minutes, and DBcA MP-treated period of
20 minutes.
0 10 20 30 40
Time, mm
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Fig. 7. Effects of DBcAMP following seven days of subculture. A. Wrinkles showing basal tonic state. B. At 20 minute control period; C. Decrease
in wrinkles at five minutes after addition of DBcAMP (5 x 10 ' M). D. At 20 minutes. Note progressive decrease in wrinkles, Cells indicated by
arrows show expansion in size and diminution in number and magnitude of wrinkles. (x 320).
-1
a
B :
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Fig. 8. Effect of zero calcium and ED TA following five days of subculture. A. Wrinkles showing basal tonic state. B. Decrease in wrinkles and cell
size 30 minutes after addition of zero Ca buffer and EDTA (1 mM). Cell shown by arrow has moved from its original site, indicating detachment.
(x 320)
Fig. 9. Effect of cytochalasin B following 10 days of subculture. A.
Wrinkles showing basal tonic state. B. Decrease in wrinkles and cell
size (arrow) at 10 minutes after addition of cytochalasin B (l0 M).
C. At 30 minutes. Note marked reduction in cell size. Cell indicated
by curved arrow has moved from its original site, indicating detach-
ment. (x 320)
wrinkles showed a diminution in cell size, and many of the cells
could be seen lifting off the DMPS.
Cytochalasin B; 22°C, Tris buffer. A decrease in wrinkles was
obvious by 10 minutes following the addition of i0 M
cytochalasin B, and the majority of cells lost their wrinkles by
30 minutes (Fig. 9C). Cells which lost wrinkles showed a
marked diminution in cell size. Many of the cells lifted off the
DMPS.
Chiorpromazine; 36° of RPMI 1640. This agent has anesthetic
properties, and inhibits adhesion and spreading cells on their
substrates [10, 11]. A majority of the cells treated with chlor-
promazine showed a diminution or loss of wrinkles. The earliest
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Fig. 10. Effects of chiorpromazine following eight days of subculture. A. Wrinkles showing basal tonic state. B. At I minute after addition of
chlorpromazine (l0- M). C, At 5 minutes. D. At 15 minutes. Note loss of wrinkles and diminution in cell size indicating detachment. (x 320).
effect was visible at 1 minute. All the cells lost wrinkles and
showed diminution in size at 20 minutes (Fig. 10).
DMSO
DMSO; 22°C, Tris buffer. This agent reversibly translocates
cytoplasmic actin into the nucleus 112—151. A decrease in
wrinkles was apparent within 10 minutes after the addition of
10% DMSO, and the majority of cells lost their wrinkles by 20
minutes (Fig. I IB). Washing out the DMSO resulted in the
reappearance of wrinkles (Fig. liC). Rechallenge with DMSO
again led to the disappearance of wrinkles.
Summary of results. Comparative data for various agents
causing a decrease or an increase in wrinkles are shown in
Table 6.
Discussion
Our experiments demonstrate that the silicone rubber sub-
strate is an excellent one for demonstrating contraction, relax-
ation, and detachment of mesangial cells in response to a
variety of agents and experimental conditions. It provides a
suitable substrate for attachment, and, at the same time,
permits the points of attachment to come close or spread apart
with cell contraction or expansion. in contrast, a glass or plastic
surface provides a good surface for attachment, but observable
contraction is limited by the continued adhesion of the cell to
the rigid surface. Kreisberg et al [161 have used a poly-HEMA
substrate for growing MC to overcome this problem. Cells
grown on a relatively high (10 M) concentration of poly-
HEMA are less adherent to the substrate. However, we have
found that the cells grown on poly-HEMA show a tendency to
round off even without any addition of contractile agents [17];
thus, without the information provided by surface wrinkles, one
cannot clearly separate a contractile event from a process of
detachment. in addition, in the previously tested methods, it
was difficult to be sure about the basal tonic state of the cells.
This is clearly established by the presence of some wrinkles in
the DMPS system. The development of stress fibers within a
cell is also considered to take place in a situation of tight
adhesion to the substrate [17—191.
Harris, Wild and Stopak [7] have used the DMPS substrate to
demonstrate resting isometric contraction of cultured fibro-
blasts. The initial wrinkles which developed beneath the cells
were considered by them as compression wrinkles [20]. In the
present model, converging wrinkles are unlikely to develop by
tension developing at fixed points. The attachment points need
to come closer to generate a sufficient force to produce multiple
folds in the outer DMPS sheet and relocate the viscous fluid
beneath. A closer movement of attachment points is also
suggested by the decrease in the cell size in association with an
increase in wrinkles. When cell size decreased along with loss
of wrinkles, this indicated a loss of attachment sites. Some of
the cells, after the initial development of wrinkles, subsequently
lost them, suggesting either relaxation or detachment depending
upon what happened to cell size.
MC have been reported to show a contractile response to a
number of vasoactive agents [1—5, 21, 22]. Included are All,
arginine vasopressin (AVP), histamine, norepincphrine, cal-
cium ionophorc, platelet—activating factor and isoproterenol. In
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Fig. 11. Effect of DMSO following 10 days of subculture. A. Wrinkles showing tonic state. B. Disappearance of wrinkles 20 minutes after addition
of 10% DMSO. C. Reappearance of wrinkles at 30 minutes following withdrawal of DMSO. Note the change in the direction of wrinkles compared
to A (arrowhead). (X 320).
Table 6. Percent of cells that responded with an increase, decrease,
loss and/or new wrinkles in DMPS at 30 minutes in control vs.
treated cells at 22°C
Cells NWR IWR DWR LWR°
All 155 37 25 10 0
Control" 151 0 0 25 0
Controlc 71 0 2 12 0
Ca ionophore 69 45 37 18 0
Control" 53 0 0 12 0
DBcAMP° 104 0 0 90 0
Controle 104 0 0 2 2
Zero Ca + + EDTA 40 0 0 73 20
Control1 35 0 0 21 0
Cytochalasin B 65 0 0 4! 49
Control8 53 0 0 12 0
Chlorpromazine° 33 0 0 28 68
DMSO 62 0 0 34 66
a LWR, % of cells losing wrinkles that had some wrinkles at time 0
b Included are four sequential experiments (see Table 1) and four
nonsequential experiments
C Experiments carried out at 36°C and completed at 20 minutes
d Four nonsequential experiments done with vehicle alone are also
shown in cytochalasin B group
14 sequential experiments
Three sequential and one nonsequential experiments
8 Three sequential and one nonsequential experiments done with
vehicle alone
the present study All led to an increase in wrinkles associated
with a decrease in cell size. Similar responses were noted with
Ca ionophore. These phenomena indicated a contractile
response. The calcium lonophore A23 187 produced a contrac-
tile response in MC in the presence of 2 m calcium. The cells
incubated with calcium—free medium also showed the initiation
of a contractile event in response to Ca + ionophore, but the
effect subsequently disappeared. Ca ionophore has been
shown to increase cytosolic calcium by releasing it from intra-
cellular calcium stores [23]. Initiation of contraction has also
been shown when MC were treated with All in the presence of
a zero calcium bath [24]. Thus, it appears that initiation of the
contractile event is dependent on release of intracellular cal-
cium rather than movement of extracellular calcium, but that
extracellular calcium is required to sustain the event. Both
arginine vasopressin and All have been shown to increase
cytosolic Ca + in the mesangial cell [25], and this may be the
mechanism of the contractile response.
DMSO induces the formation of large bundles of actin
filaments in the nuclei of Dictyostelium mucorides [12],
Amoeba proteus, and human Hela cells [13]. This was associ-
ated with simultaneous dissolution of cytoplasmic actin, or
translocation of cytoplasmic actin to the nucleus [14, 15]. This
transformation reversed after withdrawal of DMSO. We also
found that stress fibers labeled with NBD phallacidin disap-
peared from the cytoplasm after incubation with 10% DMSO for
30 minutes [171. In the present study, the disappearance of
wrinkles with DMSO suggest a loss of contractility due to the
dissolution of actin, which is an important component of the
contractile apparatus.
Zero calcium buffer plus EDTA led to decrease in wrinkles
and cell size, a response interpreted as detachment. Cytocha-
lasin B also produced detachment, with disappearance of wrin-
kles and a reduction in cell size, as well as a lifting off of many
cells from the DMPS substrate. Cytochalasin B, which inhibits
cytoplasmic microfilament bundles [26], eventually led to de-
tachment in our system. Chlorpromazine also produced a loss
of wrinkles and a decrease in cell size, and a few of the cells
lifted off the DMPS substrate. Chlorpromazine is a calmodulin
inhibitor; it impairs contractile elements in the cell, and also
—
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inhibits the adhesion, spreading, and locomotion of cells on
their substrates [10, 111.
DBCAMP produced relaxation, as indicated by a decrease in
wrinkles and an increase in cell area. This response is consist-
ent with the effect of cAMP on smooth muscle [27]. Here, it
activates protein kinase and liberates its free catalytic subunit.
The latter catalyzes the phosphorylation of myosin light chain
kinase [281. The phosphorylation of myosin kinase markedly
diminishes its activity [27] as it prevents phosphorylation of the
20,000 dalton light chain of myosin. Because unphosphorylated
myosin cannot interact with actin, relaxation is initiated. In
earlier studies with mesangial cells grown on a rigid surface
[211, a shape change was noted following cAMP and was
interpreted as relaxation. A decrease in the rate of (32P)
orthophosphate incorporation into myosin chain kinase, coin-
cidental with a MC shape change induced by elevated cAMP,
was subsequently reported [5]. However, as discussed in this
paper, shape changes on rigid surfaces do not permit an
unambiguous interpretation. Cyclic AMP has been reported to
produce morphologic changes in a variety of cells [29—35].
These include contractile responses in Chinese hamster ovary
cells [341 and the retinal cell of the cichlid, Sarotherodon
mossambicus [35], and relaxation of smooth muscle [27]. Thus
the action of cAMP appears to vary, depending on the type of
cell used, and possibly, on the method of observation.
In conclusion, the silicone rubber system is a useful one for
testing the contractile and relaxing response in mesangial and
other cells. It can be used effectively to show the response to a
variety of vasoactive agents.
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